The effect of red light as a fall treatment on branching of rhododendron. by Kasperek, Laurie Beth Menzel
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1983 
The effect of red light as a fall treatment on branching of 
rhododendron. 
Laurie Beth Menzel Kasperek 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Kasperek, Laurie Beth Menzel, "The effect of red light as a fall treatment on branching of rhododendron." 
(1983). Masters Theses 1911 - February 2014. 3371. 
Retrieved from https://scholarworks.umass.edu/theses/3371 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 

THE EFFECT OF RED LIGHT AS A FALL TREATMENT 
ON BRANCHING OF RHODODENDRON 
A Thesis Presented 
By 
LAURIE BETH MENZEL KASPEREK 
Submitted to the Graduate School of the 
University of Massachusetts in partial fulfillment 
of the requirements for the degree of 
MASTER OF SCIENCE 
September 1983 
Plant and Soil Sciences 
THE EFFECT OF RED LIGHT AS A FALL TREATMENT 
ON BRANCHING OF RHODODENDRON 
A Thesis Presented 
By 
LAURIE BETH MENZEL KASPEREK 
Approved as to style and content by: 
John'R. Havis, Chairperson of Committee 
Lynne Marcus- t Wyner, Memb^^ 
I 
Dr .Will, 
li 
Df^.'^llen V. Barker, Department Head 
Plant and Soil Sciences 
ACKNOWLEDGEMENTS 
I wish to express my appreciation to Dr. John R. Havis for his 
guidance during my graduate program. Appreciation is also extended 
to Dr. Lynn Marcus-Wyner and Dr. William J. Bramlage who served on 
my committee, and to Dr. Richard A. Damon, Jr. who assisted with the 
statistics. 
Ill 
TABLE OF CONTENTS 
ACKNOWLEDGEMENT.iii 
INTRODUCTION . 1 
Chapter 
I. LITERATURE REVIEW  3 
II. FALL NIGHT LIGHTING TRIALS. 14 
Introduction. 14 
Materials and Methods . 17 
Results and Discussion. 20 
III. SPRING CARRYOVER. 60 
Introduction. 60 
Materials and Methods . 63 
Results and Discussion. 64 
IV. PHYTOCHROME REVERSAL. 74 
Introduction. 74 
Materials and Methods . 75 
Results and Discussion. 79 
BIBLIOGRAPHY. 90 
APPENDIX. 95 
iv 
LIST OF TABLES 
1. Relationships between light source, phytochrome 
photoequilibrium and photoperiodic response. 7 
2. Fall 1982 Rhododendron ’PJM hybrids’ treatments.18 
3. Fall 1982 Rhododendron ’Roseum Elegans ’ treatments.19 
4. Effect of temperature on number of swollen buds per 
plant on Rhododendron ’PJM hybrids’ through November 2, 
1982  25 
5. Effect of light break on number of swollen buds per plant 
on Rhododendron ’PJM hybrids’ through November 2, 1982 ... 25 
6. Effect of temperature and light break on number of swollen 
buds per plant on Rhododendron ’PJM hybrids’ through 
November 2, 1982 .'. . 26 
7. Percentage of bud swells per plant that produced breaks 
on Rhododendron ’PJM hybrids’.26 
8. Effect of temperature on number of breaks per plant on 
Rhododendron ’PJM hybrids’ through November 2, 1982. 27 
9. Effect of light break on number of breaks per plant on 
Rhododendron ’PJM hybrids’ through November 2, 1982. 27 
10. Effects of temperature and light break on number of breaks 
per plant on Rhododendron ’PJM hybrids’ through November 
2, 1982. 29 
11. Effect of temperature on average fall length of Rhododendron 
’PJM hybrids’ shoots.29 
12. Effect of light break on average fall length of Rhododendron 
’PJM hybrids’ shoots.30 
13. Effects of temperature and light break on average fall 
length of Rhododendron ’PJM hybrids’ shoots.30 
14. Effect of temperature on total fall growth of Rhododendron 
’PJM hybrids’.31 
15. Effect of light break on total fall growth of Rhododendron 
’PJM hybrids’.31 
16. Effects of light break and temperature on total fall growth 
of Rhododendron ’PJM hybrids’.32 
17. Effect of temperature on number of swollen buds per plant on 
Rhododendron ’Roseum Elegans’ through November 10, 1982. . . 41 
18. Effect of light break on number of swollen buds per plant on 
Rhododendron ’Roseum Elegans’ through November 10, 1982. . . 42 
19. Effect of pinching on number of swollen buds per plant on 
Rhododendron ’Roseum Elegans’ through November 10, 1982. . . 42 
20. Effects of temperature and light break on the number of 
swollen buds per plant on Rhododendron ’Roseum Elegans’ 
through November 10, 1982. 
21. Effects of temperature and pinching on the number of swollen 
buds per plant on Rhododendron ’Roseum Elegans’ through 
November 10, 1982. 44 
V 
LIST OF TABLES - continued 
22. Effects of light break and pinching on the number of swollen 
buds per plant on Rhododendron 'Roseum Elegans’ through 
November 10, 1982.45 
23. Percentage of bud swells per plant that produced breaks on 
Rhododendron 'Roseum Elegans' through November 10, 1982. . . 46 
24. Effect of temperature on number of breaks per plant on 
Rhododendron 'Roseum Elegans' through November 10, 1982. . . 48 
25. Effect of light break on number of breaks per plant on 
Rhododendron 'Roseum Elegans' through November 10, 1982. . . 48 
26. Effect of pinching on number of breaks per plant on 
Rhododendron 'Roseum Elegans' through November 10, 1982. . . 49 
27. Effects of temperature and light break on number of breaks 
per plant on Rhododendron 'Roseum Elegans' through 
November 10, 1982.49 
28. Effects of temperature and pinching on number of breaks per 
plant on Rhododendron 'Roseum Elegans' through November 10, 
1982  50 
29. Effects of light break and pinching on number of breaks per 
plant on Rhododendron 'Roseum Elegans' through November 10, 
1982  50 
30. Effect of temperature on average fall length of Rhododendron 
'Roseum Elegans' shoots.52 
31. Effect of light break on average fall length of Rhododendron 
'Roseum Elegans' shoots.52 
32. Effect of pinching on average fall length of Rhododendron 
'Roseum Elegans' shoots.53 
33. Effects of temperature and light break on average fall length 
of Rhododendron 'Roseum Elegans' shoots.53 
34. Effects of temperature and pinching on average fall length 
of Rhododendron 'Roseum Elegans' shoots.54 
35. Effects of light break and pinching on average fall length 
of Rhododendron 'Roseum Elegans' shoots.54 
36. Effect of temperature on total fall growth for Rhododendron 
'Roseum Elegans'.56 
37. Effect of light break on total fall growth for Rhododendron 
'Roseum Elegans' . 56 
38. Effect of pinching on total fall growth for Rhododendron 
'Roseum Eleganse.57 
39. Effects of temperature and light break on total fall growth 
for Rhododendron 'Roseum Elegans'.57 
40. Effects of temperature and pinching on total fall growth 
for Rhododendron 'Roseum Elegans'.58 
41. Effects of light break and pinching on total fall growth 
for Rhododendron 'Roseum Elegans'.58 
LIST OF TABLES - continued 
42. Spring growth treatments for Rhododendron 'Roseum Elegans’ 
and ’ PJM hybrids ’.. 
43. Effect of fall temperature from September 28 to October 19, 
1982 on the number of days to spring growth for 
Rhododendron ’PJM hybrids', from February 15, 1983 . 66 
44. Effect of fall light break treatments from September 28 to 
October 19, 1982 on the number of days to spring growth of 
Rhododendron 'PJM hybrids', from February 15, 1983 . 66 
45. Effects of fall temperature and fall light break treatments 
from September 28 to October 19, 1982 on the number of days 
to spring growth of Rhododendron 'PJM hybrids', from 
February 15, 1983. 68 
46. Effect of fall temperature from September 28 to October 19, 
1982 on number of days to spring growth of Rhododendron 
'Roseum Elegans', from February 15, 1983. 
47. Effect of fall light break treatments from September 28 to 
October 19, 1982 on the number of days to spring growth of 
Rhododendron 'Roseum Elegans', from February 15, 1983. ... 68 
48. Effects of fall light break treatments and fall temperature 
from September 28 to October 19, 1982 on the number of days 
to spring growth of Rhododendron 'Roseum Elegans' from 
February 15, 1983. 69 
49. Effect of a 3 hour spring night light break during a 2 week 
induction on the number of days to spring growth of 
Rhododendron 'Roseum Elegans' from February 15, 1983. ... 71 
50. Effects of fall temperature from September 28 to October 19, 
1982 and a 3 hour spring night light break during a 2 week 
induction on the number of days to spring growth of 
Rhododendron 'Roseum Elegans', from February 15, 1983. ... 71 
51. Effects of fall light break treatment from September 28 to 
October 19, 1982 and a 3 hour spring night light break 
during a 2 week induction on number of days to spring 
growth of Rhododendron 'Roseum Elegans', from February 15, 
1983  72 
52. Effects of fall temperature and fall light break from 
September 28 to October 19, 1982, and a 3 hour spring night 
light break during a 2 week induction on number of days to 
spring growth of Rhododendron 'Roseum Elegans', from 
February 15, 1983. 73 
53. Fall 1982 phytochrome reversal trials.77 
54. Total bud swells on Rhododendron 'PJM hybrids' phytochrome 
reversibility trials, through November 9, 1982  82 
55. Total bud break on Rhododendron 'PJM hybrids' phytochrome 
reversibility trials, through November 9, 1982 . 82 
vii 
LIST OF TABLES - continued 
56. Average length of shoots per plant on Rhododendron ’PJM 
hybrids’ phytochrome reversibility trials, through 
November 9, 1982 . 83 
57. Total growth per plant on Rhododendron 'PJM hybrids’ 
phytochrome reversibility trials, through November 9, 
1982  83 
58. Total bud swells on Rhododendron ’Roseum Elegans’ phytochrome 
reversibility trials, through November 23, 1982. 87 
59. Total bud break on Rhododendron ’Roseum Elegans’ phytochrome 
reversibility trials, through November 23, 1982. 87 
60. Average length of shoots per plant on Rhododendron 
’Roseum Elegans’ phytochrome reversibility trials, 
through November 23, 1982. 88 
61. Total growth per plant on Rhododendron ’Roseum Elegans’ 
phytochrome reversibility trials, through November 23, 
1982  88 
viii 
LIST OF FIGURES 
1. Fall 1982 growth curves of Rhododendron ’PJM hybrids’.21 
2. Fall growth curves of Rhododendron ’Roseum Elegans' held 
at 10°C MNT during light break treatments from Sept. 28 
to Oct. 19, 1982, both pinched and not pinched.34 
3. Fall growth curves of Rhododendron 'Roseum Elegans' held at 
17°C MNT during light break treatments from Sept. 28 to 
Oct. 19, 1982, both pinched and not pinched.36 
4. Fall growth curves for pinched Rhododendron 'Roseum Elegans’ 
held at either 17°C or 10°C MNT during light break 
treatments from Sept. 28 to Oct. 19, 1982 . 39 
5. Fall growth curves for Rhododendron 'PJM hybrids' held at 
17°C MNT during night break treatments from Sept. 28 to 
Oct. 19, 1982  80 
6. Fall growth curves for Rhododendron 'Roseum Elegans' held at 
17°C MNT during night break treatments from Sept. 28 to 
Oct. 19, 1982  84 
ix 
INTRODUCTION 
Rhododendrons, to be of high quality, need to be well branched. 
This involves taking cuttings in the summer, allowing them to go 
dormant through the winter, and then cutting the new growth back in the 
spring to force branching. It would benefit the nursery crop industry 
if this growth could be induced to branch in the fall. 
Attempts to accelerate fall growth of rhododendron cuttings have 
utilized incandescent light breaks to interrupt the dark period, 
various temperature regimes, and a spring or fall induction period of 
two weeks at 17°C (46). For both Rhododendron cvs. PJM hybrids and 
Roseum Elegans, an incandescent light break of three hours during the 
induction period at 15.6°C increased total shoot growth, but plants 
held at this temperature were the last to initiate growth in the 
spring (47). This delay can be as much as one month (15). Much of 
the additional growth thus forced in the fall was elongated shoots 
developed from a few lateral buds, and these shoots had to be pinched 
back in the spring. Recent work indicates that red light can be used 
to obtain greater lateral branching and production of cuttings in 
various horticultural crops (17, 18, 48). Successful red light treat¬ 
ments have been obtained with chrysanthemums, carnations, lettuce, 
tomatoes and tobacco. 
The critical element for accelerated growth is an increase in the 
number of lateral bud breaks per cutting, normally produced by pinch¬ 
ing back the terminal shoots in the spring. It is possible that a red 
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light break interrupting the dark period in the fall might also 
accomplish this. Red light creates a phytochrome photoequilibrium that 
inhibits elongation, yet stimulates lateral branching (53). 
In order for fall induction treatments to benefit nurserymen, a 
means must be found to produce more breaks in the fall and decrease 
the delay in the spring. If the red light treatments that produced 
increased lateral bud break in herbaceous plants could be applied to 
woody plants, a fall schedule for accelerated growth of nursery crops 
would be feasible. The following research was undertaken to determine 
whether red light treatments would produce accelerated fall growth of 
rhododendrons, manifested as increased numbers of lateral bud breaks 
per cutting, rather than the elongation of a few shoots as obtained with 
incandescent light treatments. The possibility of utilizing red light 
to eliminate the need of pinching terminals of cuttings was evaluated. 
Experiments were designed to determine whether fall red light treat¬ 
ments produced less of a spring delay than that produced by fall 
incandescent light treatments, and to determine an indication of the 
existence of a phytochrome reaction. 
CHAPTER I 
LITERATURE REVIEW 
The perception of light quality in plants involves the pigment, 
phytochrome. Phytochrome is a chromophore bound strongly to a protein. 
The chromophore is classified as a non-cyclic tetrapyrrole of the 
bilitriene type (53). Phytochrome exists in two forms: Pr and Pfr. 
Pr absorbs maximally at 660nm while Pfr absorbs maximally at 730nm. 
The steady state proportion of Pr and Pfr is the photoequilibrium of 
Pfr/P total. Phytochrome has been found in most plant organs, 
including roots (43), and is detectable with a spectrophotometer, 
after an extraction procedure. To extract phytochrome the tissue is 
homogenized in a buffer solution. The solubility of phytochrome 
depends on pH. At a low pH it binds to organelles. A wash with a 
non—ionic detergent dissociates the phytochrome from the particulate 
material and causes it to form a pellet at pH values between 6.8 and 
8.0 (42). Phytochrome concentrates in those tissues where development¬ 
al reactions to light treatments occur. 
Morgan and Smith (32) and Holmes and Smith (21) hypothesized that 
the function of phytochrome was to detect the quality of light in the 
red (650-675nm) and far red (700-750nm) wavelengths, thus perceiving 
mutual shading. Mutual shading is an adaptation of herbaceous habits, 
where competition for light is extremely important to the survival of 
the species. Crop canopies transmit far red light due to the leaves’ 
3 
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higher reflectivity in the far red wavelengths than in any other 
wavelength. The canopy filters the red wavelengths, allowing the far 
red wavelengths to pass through to the lower leaves and stem, causing 
elongation (17, 32, 37). 
The determination of phytochrome in twenty different plant 
extracts by Lane, et al. (30) showed that the concentration of 
phytochrome in green plants was measured as less than that obtained 
from extracts of etiolated plants. Chlorophyll interferes with the 
measurement of phytochrome. The intensity of the chlorophyll 
fluorescence that is obtained from spectrophotometer analysis becomes 
more significant as the optical density of the sample increases. This 
causes the measurement to be flooded with chlorophyll fluorescence. 
The amount of chlorophyll fluorescence also varies with the light 
source at the time of measurement; red light produces a higher yield of 
chlorophyll fluorescence than far red light (20, 21, 40). It is now 
hypothesized that both green and etiolated plants contain phytochrome 
of the same spectral characteristic (40, 53). 
Borthwick et al. (2) showed that seed germination of lettuce cv. 
Grand Rapids was obtained from a few minutes exposure to red light. 
Seed germination was prevented when the red exposure was immediately 
followed by a similiar duration of light from a longer wavelength. 
They further determined that a series of alternating exposures to red 
and far red light produced a response that depended on the last light 
exposure. This led to the identification of red/far red reversibility, 
establishing a characteristic of the pigment useful in later isolations 
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(53). 
Decay and reversion are two properties that have been attributed 
to phytochrome (2, 27, 53). When Pfr decays it loses its property of 
photoreversibility and therefore becomes undetectable (53). Reversion 
of Pfr to Pr is induced by a far red light exposure (27). Pfr is form¬ 
ed by the conversion of Pr when irradiated. Red irradiation converts 
80 parts of the Pr to Pfr in dark-grown seedlings. Twenty parts of 
this Pr remain unconverted. Pfr decays, leaving an approximate ratio 
of 20 parts Pr to 40 parts Pfr. Further red irradiation converts 8 
parts of Pr to Pfr and a new photostationary state is established; 12 
parts Pr and 48 parts Pfr (40, 43). Pr is measurable when it is being 
driven to Pfr so the 20 parts of Pr are not a measurable amount. As 
the dark destruction (decay) of Pfr progresses, Pr becomes measurable. 
In Zea mays and other monocots no reversion of Pfr to Pr has been 
found in vivo (3). Thus, the decay process causes the total level of 
phytochrome to drop along with the disappearance of Pfr. Dicots 
display a rapid reversion of Pfr to Pr as soon as they are in the 
dark (27, 53) and it was thought for a while that dicots underwent 
both decay and reversion, but some dicots do not revert. Kendrick and 
Hillman (27) concluded that A. caudatus was just such an exception, as 
it did not display reversion. 
The active form of phytochrome is Pfr (6, 53). Pfr is generally 
accepted as the active form due to the fact that a very small amount 
of Pfr leads to a measurable response, while relatively larger amounts 
of Pr have less effect (53). Red light inhibits flowering, due to 
6 
conversion of Pr to Pfr. One minute of red light induced enough 
conversion of Pr to completely inhibit flowering of Chrysanthemum 
morifolium before the phytochrome reverted back to the inactive 
form, Pr (6). 
Work dealing with the effect of red light on flowering is 
extensive compared to that dealing with its effect on lateral 
branching. However, the effects of red light on these two processes 
are closely related in herbaceous species (Table 1). When Pfr 
inhibits flowering and stimulates branching in short day plants, a 
high red-to-far red ratio exists. This same ratio stimulates 
flowering and inhibits branching in long day plants. Flower 
inhibition occurred for chrysanthemums with only a one minute exposure 
to cool white fluorescent light (17). Heins and Wilkins (17) determin¬ 
ed that incandescent light would not inhibit flowering in such a 
short duration of irradiance. Incandescent light is high in far red 
wavelengths, while fluorescent light is high in red wavelengths. 
Red light promoted flowering of long day plants and prevented flower¬ 
ing of short day plants (53). During the day, Pfr is the dominant 
form of phytochrome in the leaf (17, 37). During the dark, the Pr 
form dominates while the Pfr levels fall below an undetermined 
threshold (53). This induced flowering of short day plants (53). 
Heins (17) reported that red light promoted lateral branching of 
chrysanthemums with intact apices. This high red to far red ratio was 
the same one which inhibited flowering (6). Kasperbauer (26) reported 
that Nicotiana tabacum branched from the axils of the lower leaves 
7 
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when irradiated with red light. Branches were not induced on plants 
irradiated with far red light at the end of each photoperiod. 
Experiments with 'Bright Golden Anne' chrysanthemum (17) yielded the 
greatest number of side shoots from red light treatments of four hours 
as either a continuation of the day or a light break in the middle of 
the dark period. 
Tucker (48, 50) and Tucker and Mansfield (51) have related 
hormonal action to phytochrome and light wavelengths. Varying the 
wavelengths alters the endogenous hormonal balance in a plant (48). 
Decapitation of Xanthium strumarium released the lateral buds from 
inhibition. The highest levels of abscisic acid (ABA) were found in 
the inhibited buds. Tucker concluded that decapitation of tomatoes 
removed the auxin source and thus resulted in bud growth unless high 
endogenous levels of ABA were present, brought about by induction with 
far red light (50). 
Dormancy is any phase in the life cycle of a plant or a plant 
organ during which time active growth is temporarily suspended. 
Doorenbos (10) defined dormancy as any case in which a tissue pre¬ 
disposed to elongate fails to do so. There exist several types of 
dormancy; growth inactive due to the environment, or a growth interrup¬ 
tion within the plant. In the latter case, according to Doorenbos (10), 
there either exists a lack of substances reaching the dormant tissue 
from other plant tissues (summer dormancy), or the dormancy is 
localized within the tissue itself (winter dormancy). Wareing (55) 
determined that when birch seedlings were exposed to short days. 
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growth ceased and terminal buds formed. Wareing (56) concluded that 
the site of perception was the meristematic tissue of the bud. 
Dormancy is brought about by the gradual accumulation of an in¬ 
hibitor, ABA, which increases under short days (54). Work with 
Pinus silvestris has shown that a daily dark period in excess of four 
hours caused an accumulation of inhibitor which promoted dormancy. 
A dark period of less than four hours caused a reduction in this 
inhibitor and a subsequent suppression of dormancy (54). 
Nitsch (34) classified the dormancy requirements of woody plants. 
In the first group long days prevent the onset of dormancy and short 
days either cause dormancy or not. If short days bring about dormancy, 
then long days cause either continuous growth or periodic growth. The 
second group consists of plants for which long days do not prevent the 
onset of dormancy (34). 
Winter dormancy is overcome by a period of chilling; longer 
durations of low temperatures result in increased amounts of promoters 
(gibberellins) and decreased amounts of inhibitors. Absolute amounts 
of any growth regulator are not the determining factor in dormancy and 
release from dormancy; ratios are of greater importance. Chilling is 
not necessary for bud break of all woody species, but a cold exposure 
may reduce the daylength needed for growth (31). Once chilled, the 
commencement of growth appears dependent on temperature and not on the 
daylength (54, 55). Rhododendron cv. PJM hybrids exposed to one to 
four weeks of low temperature (0°C or 4.4°C) initiated shoots slowly 
under both long and short days, with no difference due to temperature. 
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Five weeks or longer exposure to low temperature and short or long days 
caused quick shoot initiation (31). The cold initially enhanced the 
state of dormancy, while longer periods at chilling temperatures 
decreased this dormancy (46, 31). 
Short days stop growth of Rhododendron mucronulatum while long 
days produce continuous growth (33), but more commonly, periodic 
growth (54). Continuous growth of woody plants has been obtained with 
photoperiodic lighting (10, 11, 33, 45, 59, 60). Doorenbos (10) grew 
rhododendrons continuously under an 18 hour photoperiod without a chill 
requirement, and obtained 4 periods of growth per year. Using a 24 
hour day from March to May, Ticknor (45) reported one extra flush of 
growth on rhododendrons. Japanese maple, under continuous lighting, 
grew one-half inch per day (57). Continuous lighting breaks dormancy 
in some woody plant species (9). Gambrill (12) reported, though, that 
continuous growth forced under artificial conditions yielded distorted 
growth. Some of the new shoots lacked lateral buds, and since only 
the apical bud developed, barren growth occurred. Furthermore, this 
practice was expensive to maintain commercially. 
Woody species are responsive to night break lighting or daylength 
extension in fall or spring. Bickford and Dunn (1) reported that 
fluorescent, mercury fluorescent and incandescent lighting were 
effective for daylength extension or night break lighting, though 
fluorescent tubes were three or more times more efficient at energy 
conversion than incandescent bulbs. Bickford and Dunn (1) recommended 
lighting for a total of 14 to 16 hours per day. as either a daylength 
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extension of 4 to 8 hours or a 2 to 5 hour night break. Seedlings of 
Catalpa bignonioides, grown under 8 hours of incandescent supplemental 
light developed internodes twice the length of those that only received 
fluorescent light (11). This was attributed to the high amount of far 
red wavelengths given off by incandescent lighting. 
It was generally agreed that photoperiodic responses require low 
light intensities (1, 46), yet the literature varies as to specific 
intensities. Cathey and Campbell (7) found that 10.8 lux was 
sufficient for rhododendron if used for continuous lighting; 200-400 
lux provided the same response when intermittent lighting was used. 
Whalley and Cockshull (59) used an intensity of 60 lux in a continuous 
lighting program, while Canham (4) recommended an intensity of 
500 lux. Cyclic lighting at 20 footcandles (52), daylength extension 
at 30 footcandles (58), and night breaks at 100 footcandles (15) 
have all been utilized successfully. 
Photoperiod and temperature interactions have been recorded. 
Downs and Borthwick (11) have shown that temperatures below the range 
of 15.5°C to 21°C decreased the photoperiodic response of woody plants. 
Doorenbos (10) determined that the critical photoperiod necessary to 
break dormancy in rhododendrons at 25°C was 8 hours and lower temp¬ 
eratures increased this photoperiod. Increasing the length of day 
beyond natural daylight caused an increased percentage of rhododendron 
shoot production at 13°C (41), and the two factors, daylength and 
temperature, appeared to play an equal role in elongation. Skinner 
(41) determined that a temperature increase of 14 C at a given day- 
12 
length would approximately double shoot growth. 
A substantial savings could be realized if low temperature 
storage was utilized in the middle of the winter to replace the 
commercial practice of warm temperatures of 16 to 20°C for the entire 
period that growth is desired (47). Timmerman and Havis (47) utilized 
an induction period of warm temperature (18.3°C) and a three hour light 
break for 10 days to force growth. Following the induction period 
the plants were returned to 4.4°C. Induced Rhododendron 'Nova Zembla' 
grew 3 weeks before the controls held at 4.4°C or 11.1°C, yet when 
induced and returned to 4.4°C these plants displayed 2 weeks' delay in 
growth as compared to plants held at 15.6°C. Fall induction of 
Rhododendron 'Roseum Elegans' and 'Nova Zembla' did not produce 
significantly more bud breaks and this treatment delayed growth in the 
spring as much as one month (15). 
This carryover effect, exhibited as delayed growth, is not 
uncommon. Gamer and Allard (14) found that exposing the Kudzu vine 
to natural day before dormancy delayed its growth in the spring, when 
compared to plants exposed to short days (10 hours). Scott (39) gave 
Comus alba and Weigela florida a five hour light break for 0, 8, 16, 
or 18 weeks at either 4.4°C or 12.8°C. A high temperature regime and/ 
or a long duration of lighting in the fall resulted in greater delays 
in spring bud break. 
Accelerated growth of nursery crops is highly desirable, as a 
decrease in production time of one year would decrease the risk of 
plant and monetary loss (8). Monetary returns would be realized at an 
13 
earlier date and, according to Cross (8), programs of production and 
overlap would be decidedly easier. The parallels between photoperiodic 
responses in herbaceous species and woody species are "sufficiently 
close to warrant the assumption that the underlying mechanism is the 
same in both groups" (54). The photoperiodic reactions in Fagus 
sylvatica bud break, according to Wareing (55) , corresponded to 
secondary light reactions in the photoperiodic control of flowering in 
herbaceous species. Downs and Borthwick (11) stated that there 
exist indications that the same photochemical reaction controlling 
seed germination, flowering, and growth of herbaceous plant parts also 
control the onset of dormancy and the elongation of tissues of woody 
plant parts. This being the case, the understanding of the phytochrome 
reaction in woody plants and the utilization of this knowledge in 
nursery practice could aid in accelerating woody ornamental production. 
CHAPTER II 
FALL NIGHT LIGHTING TRIALS 
Introduction 
The production of rhododendron plants varies from nursery to 
nursery. Generally, rooted cuttings are transplanted in September or 
October and held at a low minimum night temperature (MNT) of around 
1°C until the following February. On or around February 15 the cut¬ 
tings are returned to the greenhouse where they receive a MNT of 13 to 
15°C throughout the spring. Successful fall rooting of Rhododendron 
cuttings has been obtained commercially by Johnson (25) , Knuttel (28) 
and Vanderbilt (52) . Rnuttel held the rooted cuttings in warm temper¬ 
ature until January when they were dropped to 7°C MNT for the period 
prior to forcing. Vanderbilt took his cuttings in September and 
placed them at 4.5°C MNT for twenty days for rooting, after which 
period the MNT was raised to 18.3°C and cyclic lighting was begun to 
force growth. Cross (8) rooted cuttings in October and held them at 
15.6 to 18.3°C MNT through the winter to force growth. Fuel costs 
may make this regime unpractical. Semihardwood cuttings have been 
taken at the first summer flush and have completed rooting by the end 
of September (31, 36, 38, 45, 47). Timmerman (46) suggested that this 
timing may allow forcing of a flush of growth prior to winter cool 
temperature storage. 
14 
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Tinnnerman and Havis (47) have utilized an induction period (a 
short period of warm temperature) along with a three hour light break, 
to overcome the need to provide continual high temperatures to obtain 
growth prior to the first summer. Rhododendron 'PJM hybrids', 
following a ten day induction at 18.3° MNT, and a subsequent return 
to 4.4°C MNT, produced ten times the growth, and approximately double 
the number of shoots as compared to plants that received no induction 
when grown at 4.4°C MNT with a three hour light break (47). An induc¬ 
tion period induced growth at a low MNT with substantial monetary 
savings (16, 39, 47). 
Induced rhododendrons, dropped to a low MNT following the 
induction period, completed a flush of growth before non-induced 
rhododendrons (46). Havis (15) reported that growth initiated readily 
if the MNT was held at 17°C for two weeks, but that a three hour light 
break during this period did not hasten growth of 'Roseum Elegans' or 
'Nova Zembla'. Timmerman (46) found that night break lighting was 
less critical when plants were induced. Increased growth of 
'Roseum Elegans' was obtained by utilizing an induction treatment and 
a three hour light break, but this growth primarily resulted in 
elongated shoots, with no increase in number of breaks, i.e., lateral 
bud outgrowths. 
Red irradiation increases breaks in certain herbaceous species 
(17, 18, 26, 48, 49, 50, 51). Red light treatments functioned when 
the apices of chrysanthemum plants were intact, according to Heins, 
et al. (18). Pinching further increased the stimulus for bud break. 
16 
Tucker (50) concluded that far red light caused no lateral bud break 
of intact tomato plants, and pinching induced only a slight stimulus 
for bud break. 
Various red light irradiances and sources have been reported in 
the literature (1, 17, 18, 26, 27). Bickford and Dunn (1) stated that 
fluorescent tubes did not have the high infrared output that high 
wattage incandescent bulbs transmit and an adequate source of red 
wavelengths was white fluorescent tubes encased within red cellophane. 
Kasperbauer (26) utilized cool white fluorescent tubes wrapped with 
_2 
two layers of red cellophane with an irradiance of 360 uW cm 
Kendrick and Hillman (27) supplied red irradiation from cool white 
fluorescent 15 watt tubes encased in one layer of 3mm red No. 2444 
Rohm and Haas Plexiglas. Heins, et al. (18) wrapped 20 watt cool 
white fluorescent tubes with two layers of red cellophane to obtain 
-2 -2 
irradiances of 2.5 )i\i cm in the 650-700nm range, and 0.8 juW cm 
in the 700-750nm range. They reported the incandescent irradiance 
-2 
maintained in this experiment to measure 24.5 uW cm in the 650-700nm 
-2 
range, and 31.6 nW cm in the 700-750nm range; Heins and Wilkins (17) 
-2 
reported incandescent irradiances as 303 uW cm in the 650-700nm 
-2 
range, and 395 ;uW cm in the 700-750nm range. 
Smith (43) defines irradiance as the flux intercepted per unit 
-1 -2 
area as expressed in Einstein sec cm . Smith (43) advised that 
energy be expressed in terms of Einstein units to facilitate direct 
comparisons of response magnitudes. One Einstein is necessary for the 
photochemical activity of one gram molecule of absorbing substance 
17 
to proceed (43). Holmes and Smith (23) measured irradiance with an 
LI-185 quantum meter and a Lambda LI- 190S cosine response quantum 
-1 -2 
sensor to obtain uE s m . 
The objective of this study was to evaluate the effect of different 
light and temperature treatments on lateral bud break on Rhododendron 
cultivars Roseum Elegans and PJM hybrids. The effect of pinching or 
not pinching the terminal bud prior to the light break treatments was 
also evaluated for 'Roseum Elegans'. 
Materials and Methods 
Cuttings of Rhododendron 'PJM hybrids' were obtained from a local 
nursery on July 15, 1982, wounded on one side, and dipped into 0.8% 
indolebutyric acid (IBA) powder. The cuttings were placed in a 1:1 
(v:v) mix of peat and perlite and rooted under intermittent mist. On 
September 9, 1982, rooted cuttings of Rhododendron 'Roseum Elegans' 
were obtained from a local nursery. They had been stuck during June 
in a rooting medium of peat and perlite (as above) and kept under 
intermittent mist. 
The two cultivars, 'PJM hybrids' and 'Roseum Elegans', were 
transplanted to 10.2cm square plastic pots on September 7 and September 
10, respectively. The medium was an unsterilized 1:1 (v:v) mixture of 
peat and sand, to which minor elements were added. These rooted 
cuttings were stored for eighteen days in a glasshouse under normal 
daylengths, during which period they were fertilized twice with a 
18 
20N-8.7P-16.6K (20-20-20) soluble fertilizer at 200ppm N. 
A total of 66 cuttings of 'PJM hybrids’ was divided into 6 
groups of 11 plants each. On September 28 one group was placed into 
each of the temperature and wavelength treatments shown in Table 2. 
Table 2. Fall 1982 Rhododendron ’PJM hybrids’ treatments. 
Treatment MNT °C 
2 
Wavelength (3 hour light break) 
1 10 No light break 
2 10 
-2 -1 
Incandescent (15 nE M sec ) 
3 10 Red (5 nE M ^ sec ^) 
4 17 No light break 
5 17 
-2 -1 
Incandescent (15 uE M sec ) 
6 17 Red (5 juE M ^ sec ^) 
z 
Quantum Sensor 
A total of 120 cuttings of ’Roseum Elegans’ was divided into 12 
groups of 10 plants each. One group was placed into each of the 
temperature, wavelength, and pinched treatments shown in Table 3. The 
treatment that was not pinched consisted of those plants in which the 
terminal bud had not been removed at the time the cutting was taken 
and it was still visibly viable. Both cultivars received the treat¬ 
ments simultaneously, with the 10°C MNT being provided in a polyhouse 
and the 17°C MNT in a glasshouse. Due to a heating failure, the MNT 
in the glasshouse dropped below 17°C for five nights during the three 
19 
week period. Night light breaks were from 2200 to 0100 hours for a 
three week period and daylengths were natural. 
Table 3. Fall 1982 Rhododendron 'Roseum Elegans’ treatments. 
Treatment MNT °C Light Break Pinched (P) or Not Pinched (NP) 
1 10 No light break P 
2 10 No light break NP 
3 10 
2 
Incandescent P 
4 10 Incandescent NP 
5 10 Red^ P 
6 10 Red NP 
7 17 No light break P 
8 17 No light break NP 
9 17 Incandescent P 
10 17 Incandescent NP 
11 17 Red P 
12 17 Red NP 
^15 jaE m" 
2 
sec ^, Quantum Sensor 
^5 uE m"^ 
-1 
sec , Quantum Sensor 
Supplementary incandescent lighting was supplied by 100 watt 
Sylvania bulbs on 61cm centers placed 45cm above the plant tops. 
-2 -1 
Photosynthetic light flux density averaged 15 uE M sec as 
measured with a Lambda LI-170 Quantum/Radiometer/Photometer using an 
20 
LI-190S Quantun Sensor. Red lighting (660nm) was supplied by two GE 
34 vatt cool white fluorescent tubes in fixtures enclosed in Roscolene 
4S23 polyvinyl-acetate filter purchased from Rosco Laboratories, Inc., 
Port Chester, New York. Photosynthetic light flux density averaged 
- _ -2 -1 
D Ui M sec as measured with an LI-190S Quantum Sensor. 
On October 19, three weeks after treatments were begun, all 
plants were stored at 10°C MNT without a light break. Data were 
recorded on number and first appearance of bud swells, that date when 
the buds first noticably began to swell. Data were recorded on number 
and first appearance of lateral bud breaks, that date when buds began 
to expand and the first leaf was just detectable. The lengths of the 
flushes of gxow-th were also recorded. These data were taken at the 
start of the treatments and twice a week for two weeks, followed by 
once a week for four weeks. Total number of breaks, total number of 
bud swells, length of each shoot, and total growth per plant were 
recorded on liovenber 2 for *PJM hybrids* and November 10 for 
'Roseuir Zlegans*. The significance of the treatments was determined 
by an analysis of variance; significant effects by a Duncan's multiple 
range test- 
Results and Discussion 
Rooted cuttings of Rhododendron *PJM hybrids' that received no 
li^t break displayed similar growth curves in the fall for both of the 
niniin’m night temperature regimes (Figure 1) , They stopped growing by 
21 
Figure 1. Fall 1982 
INC 17° - 
RED 17° - 
INC 10° - 
RED 10° - 
No LB 17° 
No LB 10° 
growth curves of Rhododendron ’PJM hybrids'. 
Incandescent night break from 2200-0100 hours 
from Sept. 28 to Oct. 19 at a MNT of 17°C. 
Red night break from 2200-0100 hours from Sept. 
28 to Oct. 19 at a MNT of 17°C. 
Incandescent night break from 2200-0100 hours 
from Sept. 28 to Oct. 19 at a MNT of 10°C. 
Red night break from 2200-0100 hours from Sept. 
28 to Oct. 19 at a MNT of 10°C. 
- No light break from Sept. 28 to Oct. 19 at a 
MNT of 17°C. 
- No light break from Sept. 28 to Oct. 19 at a 
MNT of 10°C. 
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November 2, 1982, while cuttings given incandescent and red light at 
both 10°C and 17°C MNT were still in growth on this date. The growth 
curves for these latter two treatments had not leveled off by November 
2. Total growth is defined as the combined length of all shoots per 
plant averaged for each light break treatment. The red light treat¬ 
ments showed a more gradual growth curve than the incandescent light 
treatments, with the 17°C MNT treatment producing increased total 
growth. The incandescent treatments at 17°C and 10°C MNT started 
growth slowly and surpassed the red 17°C and 10°C MNT treatments after 
18 days and 24 days, respectively. 
Timmerman (46) determined that induced (10 days at 18.3°C MNT) 
'PJM hybrids’ rooted cuttings, receiving a three hour night light break, 
showed a higher growth rate than non-induced rooted cuttings for the 
period of one month. Our 17°C MNT incandescent light treatment 
displayed more total growth than the 10°C MNT incandescent light 
treatment throughout the one month recording period. The red light 
treatments also showed this trend by November 2. The cuttings that 
received no supplementary lighting and a 10°C MNT, displayed more total 
growth throughout the three week period than the cuttings that received 
no lighting and a 17°C MNT. Timmerman (46) reported that non-induced 
’PJM hybrids' cuttings that received no additional lighting made little 
growth. We found the 10°C MNT treatment that received no lights was 
not surpassed in growth by the 10°C MNT red and incandescent treatments 
until five days following removal from the lighting. 
Rooted cuttings of 'PJM hybrids' at 10°C and 17°C MNT produced 
24 
equivalent numbers of swollen buds per plant during fall growth 
(Table 4). Swollen buds included all buds that were visibly expanding 
during the period from September 28, 1982 to November 10, 1982, whether 
they produced a flush or failed to grow. The light treatments (Table 
5) did not affect the number of buds that swelled in the fall and the 
temperature plus light interaction (Table 6) also failed to produce 
any significant influence. 
At a MNT of 10°C the red light treatment (Table 7) appeared to 
have fewer buds that actually produced a flush than either the incan¬ 
descent or no light break treatments. However, this difference was 
not statistically significant. At a MNT of 17°C the percentage of 
breaks per swells appeared to increase in the red light treatment, 
making it approximately equal to the incandescent light treatment. 
Nevertheless, since temperature did not exert a significant effect 
on bud swell (Tables 4 and 6), it can be concluded that increased 
temperature did not play a role in increased breaks per bud swells 
on the red light treatment. 
There were no significant effects of the two temperature 
treatments (Table 8) and the three light treatments (Table 9) on the 
number of breaks produced per plant over the 33 day recording period. 
Similarly, there was no significant effect due to the temperature and 
light interaction (Table 10). Timmerman (46) reported that a light 
break during an induction at 18.3°C MNT for 10 days increased the 
number of shoots on *PJM hybrids’ rooted cuttings. Timmerman suggested 
that a longer exposure to high MNT's may allow for greater initiation 
25 
2 
Table 4. Effect of temperature on number of swollen buds per plant 
on Rhododendron ’PJM hybrids' through November 2, 1982. 
Temperature Treatment Means 
o
 o
 
o
 
2.067 
17°C 2.033 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 0.017 0.007 NS^ 
2 
All buds visibly swollen, whether they produced a flush or • failed to 
grow. 
y 
NS - nonsignificant 
Table 5. Effect of 
2 
light break on number of swollen buds per plant 
on Rhododendron 'PJM hybrids' through November 2, 1982. 
Light Break Treatment Means 
No light break 1.800 
Red 2.600 
Incandescent 1.750 
Analysis of Variance 
Source df Mean Square F value 
Light break 2 4.550 1.829 NS^ 
2 ^ 
All buds visibly swollen, whether they produced a flush or failed to 
grow. 
y 
NS - nonsignificant 
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Table 6. Effect of temperature and light break on number of swollen 
buds per plant on Rhododendron ’PJM hybrids’ through 
November 2, 1982. 
Temperature No Light Break Red Break Incandescent Break 
10°C 1.200 2.700 2.300 
17°C 2.400 2.500 1.200 
Analysis of Variance 
Source ^ Mean Square 
Temp. X light break 2 6.717 
F value 
2.701 NS^ 
^All buds visibly swollen, whether they produced a flush or failed to 
grow. 
^NS - nonsignificant 
Table 7. Percentage of 
Rhododendron 
bud swells per plant that 
'PJM hybrids'. 
produced breaks on 
Temperature Light Break % 
10°C No light break 67.4 
Red 42.7 
Incandescent 70.5 
17°C No light break 52.9 
Red 65.9 
Incandescent 73.6 
Analysis of Variance 
Source df Mean Square F value 
Treatment 5 0.156 2.017 NS^ 
^NS - nonsignificant 
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Table 8. Effect of temperature on number of breaks per plant on 
Rhododendron ’PJM hybrids’ through November 2, 1982. 
Temperature Treatment Means 
10°C 1.133 
17°C 1.433 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 1.350 1.134 NS^ 
2 
NS - nonsignificant 
Table 9. Effect of light break on number of breaks per plant on 
Rhododendron ’PJM hybrids’ through November 2, 1982. 
Light Break Treatment Means 
No light break 1.100 
Red 1.250 
Incandescent 1.500 
Analysis of Variance 
Source df Mean Square F value 
Light break 2 0.817 0.686 NS^ 
2 
NS - nonsignificant 
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of growth in buds ready to expand. The results of this study do not 
support Timmerman's hypothesis. 
The average length of 'PJM hybrids' shoots per plant was not 
significantly influenced by maintaining the lower MNT of 10°C for the 
three week period (Table 11). However, light had a highly significant 
effect, with the incandescent irradiance producing elongated shoots 
(Table 12). Heins and Wilkins (17) reported that increased far red 
wavelengths, such as from incandescent sources, produced elongated 
growth of chrysanthemums. Heins, et al., (18) stated that incandes¬ 
cent light had a high far red-to-red wavelength ratio which inhibited 
secondary shoot development on Dianthus carophyllus. Although our red 
irradiance treatment kept the shoots as short as the no light break 
treatment, there was no accompanying increase in breaks beyond that 
obtained with the incandescent treatment. The temperature and light 
interaction had no significant effect on the average length of the 
shoots per plant (Table 13). 
Timmerman (46) reported that 'PJM hybrids' rooted cuttings that 
received no lights showed no response due to temperatures of 4.4 C, 
10.0°C or 15.6°C from October to January, but that induction of 18.3°C 
MNT with a light break for 10 days in October doubled the total 
growth at all temperatures. Our total fall growth of 'PJM hybrids' 
was significantly affected by temperature (Table 14). The MNT of 17 C 
produced significantly more total fall growth per plant, although not 
double the amount. It is possible that an increase in the induction 
MNT by 1.3°C would have produced the total growth Timmerman found. 
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Table 10. Effects of temperature and light break on number of breaks 
per plant on Rhododendron 'PJM hybrids' through November 2, 
1982. 
Temperature No Light Break Red Break Incandescent Break 
10°C 1.200 0.700 1.500 
17°C 1.000 1.800 1.500 
Source 
Analysis of Variance 
df Mean Square F value 
Temp. X light break 2 2.450 2.058 NS^ 
2 
NS - nonsignificant 
Table 11. Effect of temperature on average fall length of Rhododendron 
'PJM hybrids' shoots. 
Temperature Treatment Means (cm) 
10°C 3.386 
17°C 4.277 
Source 
Analysis of Variance 
df Mean Square F value 
Temperature 1 11.917 2.549 NS^ 
2 
NS - nonsignificant 
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Table 12. Effect of light break on average fall length of Rhododendron 
’PJM hybrids’ shoots. 
Light Break Treatment Means (cm) 
No light break 2.461B^ 
Red 3.423B 
Incandescent 5.612A 
Source 
Analysis of Variance 
df Mean Square F value 
Light break 2 52.171 11.160** 
Mean separation in columns by Duncan’s multiple range test, 1% level. 
^^Significance at the 1% level. 
Table 13. Effects of temperature and light break on average fall 
length of Rhododendron ’PJM hybrids’ shoots. 
Temperature No Light Break Red Break Incandescent Break 
10°C 2.326 2.946 4.886 
17°C 2.595 3.899 6.338 
Source 
Analysis of Variance 
df Mean Square F value 
Temp. X light break 2 1.764 0.377 NS 
z 
NS - nonsignificant 
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Table 14. Effect of temperature 
’PJM hybrids’. 
on total fall growth of Rhododendron 
Temperature Treatment Means (cm) 
10°C 7.258b^ 
17°C 9.597a 
Analysis ( of Variance 
Source Mean Square F value 
Temperature 1 82.064 4.700* 
^Mean separation in columns by Duncan’s multiple range test, 5% level. 
^Significance at the 5% level. 
Table 15. Effect of light break on total fall growth of Rhododendron 
’PJM hybrids’. 
Light Break Treatment Means (cm) 
No light break 5.080B^ 
Red 8.650A 
Incandescent 11.552A 
Analysis of Variance 
Source Mean Square F value 
Light break 2 210.146 12.035** 
Z o 
Mean separation in columns by Duncan’s multiple range test, 1% level. 
^^Significance at the 1% level. 
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Light caused a highly significant effect on total growth (Table 15). 
The red and incandescent irradiance treatments produced similar total 
fall growth, while the treatment receiving no light produced less 
total growth, significant at the 1% level. Timmerman (46) stated that 
a three hour incandescent light break was necessary to obtain maximum 
growth of 'PJM hybrids’ cuttings. Our data showed that incandescent 
lighting produced the most growth, but not significantly more than red 
lighting. No significant difference was obtained on total fall growth 
with a light break plus temperature interaction (Table 16). This is in 
agreement with Timmerman (46) who showed that, while a 10 day induction 
increased total growth, there was no significant warm temperature plus 
light break interaction. 
Table 16. Effects of light break and temperature on total 
of Rhododendron ’PJM hybrids’. 
fall growth 
Temperature No light break Red break Incandescent break 
10°C 5.560 7.030 9.183 
17°C 4.600 10.270 13.920 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 43.614 2.498 NS^ 
2 
NS - nonsignificant 
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Growth curves for Rhododendron 'Roseum Elegans’ at 10°C (Figure 
2) showed a difference in total growth by November 10, 1982 between 
the two treatments that received no light break. Pinched plants had 
12cm more total growth than the nonpinched plants. The plants that 
had not been pinched had slow growth, resulting from the development of 
one flush and apical dominance. The pinched incandescent light 
treatment had 7.5cm more total growth than the nonpinched incandescent 
light treatment. The red light treatments had only 2.9cm difference in 
total growth by November 10, 1982. 
All treatments at 10°C, except the nonpinched control and the 
pinched incandescent treatments, showed similar growth curves (Figure 
2). All treatments had ceased growth by November 2. 
At 17°C MNT the growth curves (Figure 3) for 'Roseum Elegans’ no 
light break treatments showed a similar total growth to that seen at 
10*^C MNT. The pinched plants that received no lighting had 7.6cm 
more total growth than the nonpinched plants that received no light 
break. The pinched red light treatment exceeded the nonpinched red 
light treatment by 6.5cm on November 10. The plants that received 
incandescent light and pinching had the most total growth of all 
treatments by November 10. There were 8cm more total growth for this 
treatment than for the nonpinched incandescent treatment. All treat¬ 
ments that included pinching showed similar slopes. The rooted cut¬ 
tings that were not pinched (Figure 3) showed similarities to each 
other in their growth curves. In both pinched and nonpinched cuttings, 
the red light treatments were intermediary between the incandescent 
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Figure 2. Fall growth curves of Rhododendron ’Roseum Elegans’ held at 
10°C MNT during light break treatments from Sept. 28 to 
Oct. 19, 1982, both pinched and not pinched. 
INC - Incandescent night break from 2200-0100 hours, 
15 uE M ^ sec ^. 
RED - Red night break from 2200-0100 hours, 
c T. ^.-2 -1 5 uE M sec 
No LB - No light break 
P - Terminal bud removed at the time the cutting was taken. 
NP - Terminal bud not removed at the time the cutting was 
taken and was still visibly viable. 
• 
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Figure 3. Fall growth curves of Rhododendron ’Roseum Elegans’ held at 
17°C MNT during light break treatments from Sept. 28 to 
Oct. 19, 1982, both pinched and not pinched. 
INC - Incandescent night break from 2200-0100 hours, 
-2 -1 
15 aiE M sec 
RED - Red night break from 2200-0100 hours, 
c T. vr-2 -1 5 ;uE M sec 
No LB - No light break. 
P - Terminal bud removed at the time the cutting was taken. 
NP - Terminal bud not removed at the time the cutting was 
taken and was still visibly viable. 
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light treatment and the control treatment. This indicates that red 
light as a fall treatment of ’Roseum Elegans’ may provide desirable 
growth without the elongation of incandescent light. 
’Roseum Elegans’ plants that received a pinch at the time the 
cuttings were taken displayed approximately 14 cm total growth by 
November 10 at both 17°C and 10°C MNT when not lighted (Figure 4). 
The pinched incandescent light treatment was also similar in growth at 
Both MNT’s. Red light irradiated plants at 17°C MNT had 6.2cm more 
total growth by November 10 than plants at 10°C MNT. Timmerman (46) 
reported a light break, regardless of temperature, caused rapid growth 
of ’Roseum Elegans’ rooted cuttings until November. Our data showed 
that even the treatments without the light break responded with 
rapid growth, leveling off around October 26. Our experiment began 
on the approximate date that Timmerman’s (46) began. 
The effect of the two minimum night temperatures on the number 
of swollen buds on ’Roseum Elegans’ was not significant (Table 17). 
Swollen buds included all buds that were visibly expanding during 
the period from September 28 to November 10, whether they produced a 
flush or failed to grow. The three light treatments also had no sig¬ 
nificant effect on the total number of swollen buds (Table 18). 
Pinching the apex of the cuttings when they were taken did not produce 
significantly more swollen buds (Table 19). Pinching did produce 
significantly more breaks (Table 26) and these were due to the breaking 
of buds that had swollen prior to the first recording date of 
September 28. The interaction of temperature and light on swollen 
39 
Figure 4 Fall growth curves for pinched Rhododendron ’Roseum Elegans’ 
held at either 17°C or 10°C MNT during light break treat¬ 
ments from Sept. 28 to Oct. 19, 1982. 
INC - Incandescent night break from 2200-0100 hours, 
-2 -1 
15 uE M sec 
RED - Red night break from 2200-0100 hours, 
c r. -1 5 uE M sec 
No LB - No light break. 
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Table 17. Effect of temperature on number of swollen buds per plant 
on Rhododendron ’Roseum Elegans' through November 10, 1982. 
Temperature Treatment Means 
lO^C 1.133 
17°C 1.033 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 0.300 0.115 NS^ 
^All buds visibly swollen, whether they produced a flush or failed to 
grow. 
^NS - nonsignificant 
42 
Table 18. Effect of light break on number of swollen buds^ per plant 
on Rhododendron ’Roseum Elegans’ through November 10, 1982. 
Light Break Treatment Means 
No light break 1.300 
Red 0.900 
Incandescent 1.050 
Analysis of Variance 
Source df Mean Square F value 
Light break 2 1.633 0.624 NS^ 
^All buds visibly 
grow. 
swollen, whether they produced a flush or failed to 
y 
NS - nonsignificant 
2 
Table 19. Effect of pinching on number of swollen buds per plant 
on Rhododendron ’Roseum Elegans’ through November 10, 1982. 
Apex Treatment Means 
Pinched 1.283 
Not pinched 0.883 
Analysis of Variance 
Source df Mean Square F value 
Pinch 1 4.800 1.833 NS^ 
^All buds visibly swollen, whether they produced a flush or failed to 
grow. 
^NS - nonsignificant 
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buds was not significant (Table 20). The two interactions, temp¬ 
erature plus pinching (Table 21) and light plus pinching (Table 22), 
showed no significant affect on total bud swell. The 10°C no light 
break treatment that had not been pinched had the lowest percentage of 
bud swells that produced a flush (Table 23), and it was not significant¬ 
ly different at the 1% level from the 10°C incandescent treatment that 
had not been pinched. The latter treatment was not significantly 
different from any other treatment. For nonpinched cuttings that 
received no light break the amount of auxin induced ABA in the buds 
would remain at a high level instead of declining as it would in 
pinched plants (48, 49, 50, 51). The high levels of ABA would force 
inhibition of lateral bud growth. Plants synthesize auxin in the 
apex and transport it down the stem, the major mechanism of correlative 
inhibition. Correlative inhibition is defined as the control of form 
or function in one part of the plant by another part; for instance, 
apical dominance. According to the indirect theory of correlative 
inhibition of apical dominance, auxin travels down the stem, yet does 
not penetrate a great distance into the lateral buds. A secondary 
substance, ABA, is also transported upward into the stem and into the 
buds, creating a situation where there is insufficient auxin to 
override the inhibition. Tucker (49) showed that tomatoes given far 
red light had suppressed lateral buds corresponding to high levels of 
ABA. Our 10°C incandescent cuttings that had not been pinched receiv¬ 
ed a high FR:R ratio, and as a result, had suppressed lateral buds. 
There were no significant differences due to the two temperature 
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Table 20. Effects of t|iiiperature and light break on the number of 
swollen buds per plant on Rhododendron ’Roseum Elegans' 
through November 10, 1982. 
Temperature No Light Break Red Break Incandescent Break 
10°C 
17°C 
1.550 
1.050 
0.750 
1.050 
1.100 
1.000 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 1.600 0.611 NS^ 
2 
All buds visibly swollen, whether they produced a flush or failed to 
grow. 
y 
NS - nonsignificant 
Table 21. Effects of temperature and pinching on the number of swollen 
buds per plant on Rhododendron 'Roseum Elegans’ through 
November 10, 1982. 
Temperature Pinched Not Pinched 
10°C 1.167 1.100 
17°C 1.400 0.667 
Analysis of Variance 
Source ^ Mean Square F value 
Temp. X pinch 1 3.333 1.273 NS^ 
^All buds visibly swollen, whether they produced a flush or failed to 
grow. 
y 
NS - nonsignificant 
45 
Table 22. Effects of light break and pinching on the number of swollen 
buds per plant on Rhododendron ’Roseum Elegans' through 
November 10, 1982. 
Light Break Pinched Not Pinched 
No light break 1.500 1.100 
Red 1.050 0.750 
Incandescent 1.300 0.800 
Analysis of Variance 
Source Mean Square F value 
Light break X pinch 2 0.100 1.274 NS^ 
2 
All buds visibly swollen, whether they produced a flush or failed to 
grow. 
y 
NS - nonsignificant 
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Table 23. Percentage of bud swells per plant that produced breaks on 
Rhododendron ’Roseum Elegans' through November 10. 1982. 
Temperature Light Break % 
Apex 
Pinched 
10°C No light break 77.lA^ 
Red 74.5A 
Incandescent 86.4A 
Not pinched 
No light break 38.7B 
Red 89.3A 
Incandescent 73.0AB 
Pinched 
1—
• o
 
o
 
No light break 85.4A 
Red 73. OA 
Incandescent 87.5A 
Not pinched 
No light break 72. OA 
Red 97.5A 
Incandescent 83.3A 
Analysis of Variance 
Source Mean Square F value 
Treatment 11 0.204 2.616** 
^Mean separation in columns by Duncan’s multiple range test, 1% level. 
**Signifleant at the 1% level. 
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treatments or the three light break treatments on the total number of 
bud breaks on ’Roseum Elegans' rooted cuttings through November 10 
(Tables 24 and 25). Timmerman (46) found that a light break increased 
the numbers of shoots per plant by 0.5 on 'Roseum Elegans'. Pinching 
the apex of our cuttings produced more breaks, significant at the 1% 
level (Table 26), as was expected, due to the removal of auxin induced 
apical dominance. The temperature plus light interaction (Table 27) 
was not significant for total number of breaks. Temperature plus 
pinching also caused no significant effect on the number of breaks 
(Table 28). The light plus pinching interaction was significant at 
the 5% level (Table 29). Pinched cuttings that received no light 
produced equivalent numbers of bud breaks to pinched cuttings receiving 
incandescent light. The pinched cuttings that received red light 
were not significantly different from the pinched no light break 
treatment and the pinched incandescent treatments, or from the non- 
pinched incandescent treatment. The latter treatment was not signif¬ 
icantly different at the 5% level from the red light treatment that was 
not pinched. The nonpinched treatment that received no light break 
had significantly fewer breaks than any other treatment. 
Red light induced branching of Dianthus carophyllus with intact 
apices (18) and 'Bright Golden Anne' Chrysanthemum with apices removed 
(17). Heins and Wilkins (17) found that for intact apices the red 
light as a night break produced highly significant increases in breaks 
per node. With apices removed, the red light increased the cutting 
production if used as a daylength extension just prior to the dark 
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Table 24. Effect of temperature on number of breaks per plant on 
Rhododendron 'Roseum Elegans' through November 10, 1982. 
Temperature Treatment Means 
o
 
o
 o
 1.717 
17°C 1.833 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 0.408 0.398 NS 
NS - nonsignificant 
Table 25. Effect of light break on number of breaks per plant on 
Rhododendron ’Roseum Elegans’ through November 10, 1982. 
Light Break Treatment Means 
No light break 1.525 
Red 1.750 
Incandescent 2.050 
Analysis of Variance 
Source df Mean Square F value 
Light break 2 2.775 2.705 NS 
2 
NS - nonsignificant 
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Table 26. Effect of pinching on number of breaks per plant on 
Rhododendron ’Roseum Elegans' through November 10, 1982. 
Apex Treatment Means 
Pinched 2.383A^ 
Not pinched 1.167B 
Analysis of Variance 
Source Mean Square F value 
Pinch 1 44.408 43.287** 
2 
Mean separation in columns by Duncan’s multiple range test, 1% level. 
**Significant at the 1% level. 
Table 27. Effects of temperature and light break on number of breaks 
per plant on Rhododendron ’Roseum Elegans' through 
November 10, 1982. 
Temperature No Light Break Red Break Incandescent Break 
10°C 1.400 1.600 2.150 
17°C 1.650 1.900 1.950 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 0.758 0.739 NS^ 
2 
NS - nonsignificant 
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Table 28. Effects of temperature and pinching on number of breaks per 
plant on Rhododendron 'Roseum Elegans' through November 10, 
1982. 
Temperature Pinched Not Pinched 
10°C 2.300 1.133 
1—
• o
 
o
 
2.467 1.200 
Source 
Analysis of Variance 
df Mean Square F value 
Temp. X pinch 1 0.075 0.073 NS^ 
2 
NS - nonsignificant 
Table 29. Effects of light break and pinching on number of breaks per 
plant on Rhododendron ’Roseum Elegans' through November 10, 
1982. 
Light Break Apex 
Pinched 
No light break 2.500a^ 
Red 2.150ab 
Incandescent 2.500a 
Not Pinched 
No light break 0.550d 
Red 1.350c 
Incandescent 1.600bc 
Source 
Analysis of Variance 
df Mean Square F value 
Light break X pinch 2 4.058 3.956* 
^Mean separation in columns by Duncan's multiple range test, 5% level. 
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period. Our data showed ’Roseum Elegans’ cuttings with intact apices 
produced significantly fewer breaks than cuttings with apices removed, 
following three hours of night break lighting for three weeks (Table 
26). There was a significant difference in the effect of the red light 
on this cultivar depending on whether or not the cuttings had been 
pinched (Table 29). This appeared to be simply due to the loss of 
apical dominance. Incandescent or red light treatments on unpinched 
cuttings led to decreased bud outgrowth over the respective incandes¬ 
cent or red light treatment on pinched cuttings. This decrease in 
breaks, seen for both incandescent and red light, could be due to the 
intact auxin source in the apex of nonpinched cuttings, thereby 
producing correlative inhibition, as suggested by Timmerman (46). 
A MNT of 17°C produced significantly greater shoot length of 
’Roseum Elegans’ than a MNT of 10°C (Table 30). The red and incandes¬ 
cent irradiance treatments (Table 31) were not significantly different 
from each other. Both types of lighting produced longer shoots than 
the no light break treatment, at the 1% level. Pinching had no effect 
on the average shoot length of ’Roseum Elegans’ (Table 32). The 
temperature plus light interaction (Table 33) and the temperature plus 
pinching interaction (Table 34) were not significant for the length of 
the shoots. The light plus pinching interaction was significant 
(Table 35). The nonpinched red and pinched and nonpinched incandescent 
light treatments produced the longest shoots and these treatments were 
not significantly different from each other. The latter two treatments 
were not significantly different from the pinched red light treatment 
52 
Table 30. Effect of temperature on average fall length of Rhododendron 
’Roseun Elegans' shoots. 
Temperature Treatment Means (cm) 
10°C 5.494b^ 
17°C 6.458a 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 27.898 4.569* 
^Mean separation in columns by Duncan’s multiple range test, 5% level. 
*Sig;nificant at the 5Z level. 
Table 31. Effect of light break on average fall 
*Roseum Elegans' shoots. 
length of Rhododendron 
Light Break Treatment Means (cm) 
light break 4.503B^ 
Red 6.646A 
Incandescent 6.779A 
Aha1vsis of Variance 
Source df Mean Square F value 
Light break 2 65.255 10.688** 
^Mean separation in columns by Duncan*s multiple range test, IZ level. 
**Significant at the 1% level. 
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Table 32. Effect of pinching on average fall length of Rhododendron 
'Roseum Elegans' shoots. 
Apex Treatment Means (cm) 
Pinched 5.946 
Not pinched 6.006 
Analysis of Variance 
Source Mean Square F value 
Pinch 1 0.110 1.018 NS^ 
2 
NS - nonsignificant 
Table 33. Effects of temperature 
length of Rhododendron 
and light break 
* Roseum Ellegans 
on average fall 
' shoots. 
Temperature No Light Break Red Break Incandescent Break 
10°C 3.889 6.409 6.183 
17°C 5.118 6.882 7.375 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 1.821 0.298 NS^ 
2 
NS - nonsignificant 
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Table 34. Effects of temperature and pinching on average fall length 
of Rhododendron 'Roseum Elegans’ shoots. 
Temperature Pinched (cm) Not Pinched (cm) 
10°C 5.877 5.112 
17°C 6.015 6.901 
Analysis of Variance 
Source Mean Square F value 
Temp. X pinch 1 20.402 3.343 NS^ 
2 
NS - nonsignificant 
Table 35. Effects of light break and pinching on 
of Rhododendron 'Roseum Elegans' shoots 
average fall length 
• 
Light Break Apex (cm) 
Pinched 
No light break 5.231bc^ 
Red 5.724b 
Incandescent 6.677ab 
Not Pinched 
No light break 3.775c 
Red 7.567a 
Incandescent 6.677ab 
Source 
Analysis of Variance 
df Mean Square F value 
Light break X pinch 2 27.738 4.543* 
^Mean separation in columns by Duncan's multiple range test, 5/i level 
*Signifleant at the 5% level. 
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or the pinched no light break treatment. The pinched no light break 
treatment was not significantly different from the nonpinched no light 
break treatment. 
The total fall growth of ’Rosenm Elegans' rooted cuttings was not 
adversely affected by maintaining a MNT of 10°C as opposed to 17°C for 
the three weeks prior to the drop to 10°C MNT (Table 36). This agrees 
with Timmerman (46) who reported no effect on total growth of 
*Roseum Elegans' first flush due to a temperature of 15.6°C as opposed 
to 4.4°C. The incandescent light treatments for three weeks (Table 
37) produced significantly more total growth than the no light break 
treatments. The red light was intermediate and not significantly 
different from either treatment. The pinched plants produced more 
growth than nonpinched plants, significant at the 1% level (Table 38). 
There was no temperature plus light interaction effect on total growth 
of the cuttings (Table 39). This is in agreement with Timmerman (46) 
who reported no differences due to temperature as long as a light 
break was utilized on 'Roseum Ellegans' rooted cuttings. There was not 
a temperature plus pinching interaction effect (Table 40). The effect 
of the three light treatments plus pinching on total fall growth was 
no significant (Table 41). 
Rhododendron 'PJM hybrids' showed indications of a favorable 
response to fall red light treatments. Red light did not cause the 
elongation of the shoots that was obtained with incandescent light, 
yet red light did not increase the number of bud breaks. Red light 
can not be recommended as a fall treatment for Rhododendron 
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Table 36. Effect of temperature on total fall growth for Rhododendron 
’Roseum Elegans'. 
Temperature Treatment Means (cm) 
10°C 
17°C 
11.485 
13.082 
Analysis i of Variance 
Source Mean Square F value 
Temperature 1 76.480 2.054 NS^ 
2 
NS - nonsignificant 
Table 37. Effect of light break on total fall growth for Rhododendron 
’Roseum Elegans’. 
Light Break Treatment Means (cm) 
No light break 9.413B^ 
Red 11.968AB 
Incandescent 15.470A 
Analysis of Variance 
Source Mean Square F value 
Light break 2 369.926 9.937** 
^Mean separation in columns by Duncan’s multiple range test, 1% level. 
**Signifleant at the 1% level. 
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Table 38. Effect of pinching on total fall growth for Rhododendron 
’Roseum Elegans’. 
Apex Treatment Means (cm) 
Pinched 15.650A^ 
Not Pinched 8.917B 
Analysis of Variance 
Source Mean Square F value 
Pinch 1 1360.133 36.536** 
2 
Mean separation in columns by Duncan's multiple range test, 1% level. 
**Signifleant at the 1% level. 
Table 39. Effects of temperature and light break on total fall 
for Rhododendron 'Roseum Elegans'. 
growth 
Temperature No Light Break Red Break Incandescent Break 
10°C 8.270 11.265 14.920 
17°C 10.555 12.670 16.020 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 3.786 0.102 NS^ 
^NS - nonsignificant 
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Table 40. Effects of temperature and pinching on total fall growth 
for Rhododendron ’Roseum Elegans’. 
Temperature Pinched (cm) Not Pinched (cm) 
o
 o
 
o
 
14.933 8.037 
17°C 16.367 9.797 
Source 
Analysis of Variance 
df Mean Square F value 
Temp. X pinch 1 0.800 0.021 NS^ 
2 
NS - nonsignificant 
Table 41. Effects of light break and pinching on total fall growth 
for Rhododendron 'Roseum Elegans’. 
Light Break Apex (cm) 
Pinched 
No light break 13.830 
Red 14.185 
Incandescent 18.935 
Not Pinched 
No light break 4.995 
Red 9.750 
Incandescent 12.005 
Source 
Analysis of Variance 
df Mean Square F value 
Light break X pinch 2 48.690 
^NS - nonsignificant 
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’Roseum Elegans' at this time, since it produced elongation equivalent 
to that produced by incandescent light. It did not produce more bud 
breaks than either incandescent light or no light break. It is 
possible that the duration of the red irradiance, three hours per night 
for three weeks, was of insufficient duration, or that the intensity 
was too low, to produce a phytochrome effect in rhododendrons. It is 
also possible that the duration of the light break was too long. Pfr 
inhibits flowering and stimulates branching in short day plants when 
there exists a high red-to-far red ratio. Chrysanthemums required a 
bare one minute exposure to cool white fluorescent light (high red-to- 
far red) to inhibit flowering (17). Vince-Prue (53) stated that red 
light inhibited flowering when the duration of irradiance was short, 
therefore it is probable that the response of stimulating branching 
would also require a short duration of red irradiance. 
Before the fall treatments can be evaluated completely, a deter¬ 
mination of their carryover effects on days to growth in the spring 
must be made. This experiment was continued in the spring to record 
the average date that each temperature and light break treatment 
visibly broke winter dormancy. 
CHAPTER III 
SPRING CARRYOVER 
Introduction 
Substantial savings in fuel could be obtained if low temperature 
storage could be utilized in the middle of the winter to replace warm 
temperatures of 16°C to 20°C for this entire period. Generally, these 
warmer temperatures have been necessary in order to force growth prior 
to the first summer. Vanderbilt (52) obtained spring growth of rhodo¬ 
dendrons by utilizing 18.3°C MNT and cyclic lighting from 8pm to 4am 
during the winter months. Johnson (25) gave rhododendron rooted cut¬ 
tings natural daylength plus 21.2°C MNT at the end of February to 
force growth. Timmerman and Havis (47) utilized a spring warm temper¬ 
ature induction to force growth following mid-winter low temperature 
storage. Rhododendron ’Nova Zembla’ rooted cuttings were placed at 
4.4°C, 11.1°C or 15.6°C MNT with natural photoperiod or long day. 
The induction period lasted until bud swelling occurred, averaging 
14 days, and then all plants were returned to cooler MNT’s. 
When the plants did not receive the induction, those held at the 
higher temperatures grew more rapidly. When the plants received the 
induction there was no benefit from following it with temperatures 
above 11.1°C MNT (47). Timmerman (46) reported a gain of one and one 
half days for each day that Rhododendron ’Nova Zembla’ was kept at 
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18.3°C MNT and that this induction reduced the number of days to 
growth of the 4.4°C MNT growing treatment by three weeks. As the 
growing temperature neared the induction temperature, this gain 
decreased. Rhododendron ’PJM hybrids’ initiated growth at 4.4°C MNT 
and as the temperature increased, the days to growth decreased 
linearly (46). 
Timmerman (46) concluded that the daylength was not a significant 
factor in reducing the days to growth; the temperature exposure of two 
weeks was critical. Timmerman pointed out, however, that a light break 
instead of a daylength extension may have been more effective. 
Timmerman and Havis (47) stated that this same experiment commenced 
on March 4 when the daylength was 11 hours 17 minutes. This approach¬ 
ed the 12 hour critical photoperiod for MNT’s below 25°C as determined 
by Dooronbos (10). An earlier induction may benefit from the photo- 
periodic lighting. 
Havis (16) obtained one mature flush of growth on Rhododendron 
’Nova Zambia' rooted cuttings by raising the MNT from 1°C to 5°C on 
February 1 and to 17°C on March 1 without supplemental lighting. On 
March 15 the MNT was lowered to 5°C. Rooted cuttings that were main¬ 
tained at 17°C MNT in early spring began a second flush of growth by 
April 28, 24 days before those that had been returned to 5°C MNT 
following induction (16) . By the end of September plants that had 
been kept all spring at 17°C MNT appeared equivalent to those plants 
held at 17°C MNT from March 1 to March 15, both having matured the 
third flush of growth. 
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Scott (39) has reported a spring delay due to fall lighting. 
Rooted cuttings of Cornus alba and Weigela florida that received 
natural daylength commenced growth in late February to early March. 
Rooted cuttings receiving a light break from 0200 to 0700 hours from 
August to March did not grow until April, under a Min of 5°C. Scott 
(39) determined that the longer Cornus alba rooted cuttings were 
lighted in the fall, the longer was the delay in breaking their 
dormancy in the spring. Plants held at 5°C MNT started growth before 
plants held at 13°C MNT, indicating both a temperature and light effect 
(39). Spring delay was reduced when the night break lasted eight weeks, 
as opposed to sixteen or eighteen weeks of night break lighting in 
the fall. Eight weeks of night break lighting in the fall produced 
more total growth in the spring than that produced by no night break 
lighting in the fall. Havis (15) reported that longer periods of high 
temperature and lighting, that produced increased fall growth, had a 
carryover effect in the spring by delaying growth as much as one month 
for Rhododendron ’PJM hybrids’, ’Nova Zembla’ and ’Roseum Elegans’. 
Timmerman (46) concluded that the production of one to two flushes 
of growth in the spring would reduce the production time of rhododend¬ 
rons by six months to one year. Once growth is initiated on rooted 
cuttings under optimum conditions, the temperature and photoperiod can 
be reduced without adversely affecting the completion of the flush 
(46, 47). The spring delay is also of sufficient length to warrant 
research on a more practical method of increasing total breaks in the 
fall other than using long periods of supplemental lighting. Once 
63 
this research is conducted, a more positive recommendation for fall 
induction may be stated. The spring experiment was designed to test 
the effects of warm temperature induction, or warm temperature induc¬ 
tion plus lighting, on the days to growth for Rhododendron 'Roseum 
Elegans’, and the effect of no induction on days to growth for 
Rhododendron ’PJM hybrids’, following the fall temperature and light 
treatments. 
Materials and Methods 
On November 9, 1982 the MNT in the plastic house was dropped from 
5°C to 1°C. On February 1, 1983 the MNT was again raised to 5°C. 
On February 15 all Rhododendron ’Roseum Elegans’ plants were transfered 
to a glasshouse where they were held at 17*^C MNT for a two week 
induction period. One half of each fall temperature/light/pinch 
treatment received supplementary lighting at a photosynthetic light 
-2 -1 
flux density of 25 nE M sec from 2200 to 0100 hours; the remaining 
half received natural day and night lengths. A total of 60 cuttings 
was in each spring treatment. Supplementary incandescent lighting was 
supplied by 100 watt Sylvania bulbs on 61cm centers placed 45cm above 
the plant tops. Photosynthetic light flux density was measured with 
a Lambda LI-170 Quantum/Radiometer/Photometer using an LI-190S Quantum 
Sensor. Following two weeks of induction, all plants were returned to 
the plastic house and held at 5°C MNT. Rhododendron ’PJM hybrids , 66 
cuttings, remained at 5°C MNT in the plastic house throughout this 
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period, receiving no induction. 
The number of days to first growth, that point when the bud was 
visibly in growth and leaves were just detectable, was recorded for 
each plant and the significance of the treatments was determined with 
an analysis of variance. 
Table 42. Spring growth treatments for Rhododendron ’Roseum Elegans' 
and 'PJM hybrids’. 
2 
’Roseum Elegans’ Treatment Induction (2 weeks) Light Break 
1 17°C 3 hrs/night 
2 17°C 0 hrs/night 
’PJM hybrids’ - no induction, all plants held at 5°C MNT.^ 
^February 15, 1983 to March 1, 1983. 
^February 1, 1983 until ambient temperatures rose above 5°C at night. 
Results and Discussion 
The main effect of fall temperature on the number of days to 
spring growth of Rhododendron ’PJM hybrids’ was not significant 
(Table 43). Scott (39) determined that a fall MNT of 10 C delayed 
growth longer in the spring for Cornus alba than a fall MNT of 5 C. 
Scott’s MNT’s were held for 8, 16, or 18 weeks during light break 
treatments and may have exerted more influence on breaking dormancy, 
due to the length of duration. Our 17 C MNT was held for a two week 
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period. The effect of the fall light break treatments on the number 
of days to spring growth was not significant (Table 44). This is 
contrary to previous work (15, 46) where a delay in spring growth of 
’PJM hybrids’ was obtained after exposure to fall supplemental lighting. 
The interaction of the two fall temperatures and the three fall 
light break treatments on the number of days to spring growth of 
'PJM hybrids’ rooted cuttings was not significant (Table 45). It can 
be concluded that fall temperature and light break treatments did 
not affect that date when ’PJM hybrids’ broke winter dormancy. Our 
results differ from previous results, possibly due to the history of 
the groups of ’PJM hybrids’ used in different experiments. 
The main effect of the fall temperature treatments on the number 
of days to spring growth of Rhododendron ’Roseum Elegans’ was not 
significant (Table 46). However, the main effect of the fall light 
break treatments on the number of days to spring growth was highly 
significant (Table 47). The fall no light break treatment broke dor¬ 
mancy at a significantly earlier date than either the fall red or 
incandescent light treatments. The latter two treatments were not sig¬ 
nificantly different from each other. This agrees with previous work 
(15, 46) where a fall light break was found to delay spring growth. 
The interaction of the fall temperatures plus the fall light break 
treatments was not significant (Table 48). 
The main effect of the three hour spring night light break during 
the two week induction period on the number of days to spring growth 
of ’Roseum Elegans’ was not significant (Table 49). The interaction 
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Table 43. Effect of fall temperature from September 28 to October 19, 
1982 on the number of days to spring growth^ of Rhododendron 
'PJM hybrids’, from February 15, 1983. 
Fall MNT Treatment Means 
1—
• 
o
 o
 
o
 
15.909 
17°C 15.303 
Analysis of Variance 
Source df Mean Square F value 
Temperature 1 6.061 0.713 NS^ 
z 
spring growth is defined as that point when buds 
leaf is just detectable. 
are swollen and first 
y 
NS - nonsignificant 
Table 44. Effect of fall light break treatments from September 28 to 
October 19, 1982 on the number of days to spring growth of 
Rhododendron 'PJM hybrids’, from February 15, 1983. 
Fall light break (3 hrs) Treatment Means 
No light break 14.909 
Red 15.546 
Incandescent 16.364 
Analysis of Variance 
Source df Mean Square F value 
Light break 2 11.697 1.377 NS^ 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
y 
NS - nonsignificant 
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Table 45. Effects of fall temperature and fall light break treatments 
from September 28 to October 19, 1982 on the number of days 
to spring growth of Rhododendron 'PJM hybrids’, from 
February 15, 1983. 
Fall MNT Fall light break (3 hrs) Treatment Means 
10°C No light break 16.000 
Red 15.000 
Incandescent 16.727 
17°C No light break 13.818 
Red 16.091 
Incandescent 16.000 
Analysis of Variance 
Source Mean Square F value 
Temp. X light break 2 14.788 1.741 NS^ 
2 
Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
y 
NS - nonsignificant 
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Table 46. Effect of fall temperature from September 28 to October 19, 
1982 on number of days to spring growth^ of Rhododendron 
’Roseum Elegans’, from February 15, 1983. 
Fall MNT Treatment Means 
10°C 38.560 
17°C 39.606 
Analysis of Variance 
Source df Mean Square F value 
Fall temperature 1 36.068 1.211 NS^ 
2 
Spring growth is defined as 
leaf is just detectable. 
that date when buds are swollen and first 
Table 47. Effect of fall light break treatments from September 28 to 
October 19, 1982 on the number of days to spring growth of 
Rhododendron ’Roseum Elegans’, from February 15, 1983. 
Fall light break (3 hrs) Treatment Means 
No light break 34.864B^ 
Red 40.114A 
Incandescent 42.273A 
Analysis of Variance 
Source Mean Square F value 
Light break 2 638.871 21.445** 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
^Mean separation in columns by Duncan’s multiple range test, 1% level. 
**Signifleant at the 1% level. 
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Table 48. Effects of fall light break treatments and fall temperature 
from September 28 to October 19, 1982 on the number of days 
to spring growth of Rhododendron 'Roseum Elegans' from 
February 15, 1983. 
Fall light break (3 hrs) Fall MNT Treatment Means 
No light break 10°C 34.000 
17°C 35.727 
Red 10°C 39.000 
17°C 41.227 
Incandescent 10°C 42.682 
17°C 41.864 
Analysis of Variance 
Source Mean Square F value 
Fall light X fall temp. 2 29.341 0.985 NS^ 
2 
Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
^NS - nonsignificant 
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of the fall temperature plus the three hour spring night light break 
did not produce significant differences (Table 50). The interaction 
of the fall light break treatments plus the three hour spring light 
break treatment was not significant (Table 51). The interaction of 
the fall temperatures, the fall light break treatments plus the three 
hour spring light break treatment was not significant (Table 52). 
Fall night break lighting (red and incandescent) resulted in 
increased growth that was elongation of shoots. These treatments also 
produced a delay in spring growth for ’Roseum Elegans'. This delay, 
a carryover effect, was not related to fall temperature. A three hour 
light break in the spring, accompanied by a two week induction period, 
did not overcome the delay produced by the fall light breaks. 
'PJM hybrids’ showed indications of a favorable response to fall 
red light treatments: less elongation of shoots than that obtained with 
incandescent light (see Chapter II), and no spring delay due to the red 
light treatment. Red light can not be recommended as a fall treatment 
for ’Roseum Elegans’ at this time. The red light produced elongation 
in the fall equivalent to that produced by incandescent light, without 
producing more bud breaks than either incandescent light or no light 
break (see Chapter II). In addition, the fall red light treatment 
created a spring delay equivalent to that produced by incandescent 
light. If a fall light break treatment were to be utilized, there 
would be no gain from providing the additional induction period (with 
or without a light break) in the spring. Further research on the 
mechanism of the spring delay is warranted. 
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Table 49. Effect of a 3 hour spring night light break during a 2 week 
induction on the number of days to spring growth of 
Rhododendron ’Roseum Elegans', from February 15, 1983. 
Spring light break Treatment Means 
No light break 38.848 
Incandescent 39.318 
Source 
Analysis of Variance 
df Mean Square F value 
Light break 1 7.280 0.244 NS^ 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
^NS - nonsignificant 
Table 50. Effects of fall temperature from September 28 to October 19, 
1982 and a 3 hour spring night light break during a 2 week 
induction on the number of days to spring growth of 
Rhododendron *Roseum Elegans*, from February 15, 1983. 
Fall MNT Spring light break Treatment Means 
CJ 
o
 o
 
1—
1 No light break 38.545 
Incandescent 38.576 
17°C No light break 39.152 
Incandescent 40.061 
Analysis of 
Source df 
Fall temp. X spring light 1 
Variance 
Mean Square 
6.371 
F value 
0.214 NS^ 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
y NS - nonsignificant 
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Table 51. Effects of fall light break treatment from September 28 to 
October 19, 1982 and a 3 hour spring night light break 
during a 2 week induction on number of days to spring growth^ 
of Rhododendron 'Roseum Elegans', from February 15, 1983. 
Fall light break (3 hrs) Spring light break Treatment Means 
No light break No light break 35.273 
Incandescent 34.455 
Red No light break 39.818 
Incandescent 40.409 
Incandescent No light break 41.455 
Incandescent 43.091 
Analysis of Variance 
Source ^ Mean Square F value 
Fall light X spring light 2 16.689 0.560 NS^ 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
y 
NS - nonsignificant 
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Table 52. Effects of fall temperature and fall light break from 
September 28 to October 19, 1982, and a 3 hour spring night 
light break during a 2 week induction on number of days to 
spring growth of Rhododendron ’Roseum Elegans’, from 
February 15, 1983. 
Fall light break (3 hrs) Fall MNT Spring light break Treatment Means 
No light break 10°C No light break 34.091 
Incandescent 33.909 
17°C No light break 36.455 
Incandescent 35.000 
Red 10°C No light break 39.364 
Incandescent 38.636 
17°C No light break 40.273 
Incandescent 42.182 
Incandescent 10°C No light break 42.182 
Incandescent 43.182 
17°C No light break 40.727 
Incandescent 43.000 
Analysis of Variance 
Source df Mean Square F value 
Fall temperature X 
Fall light break X 
Spring light break 2 10.826 0.363 NS^ 
^Spring growth is defined as that date when buds are swollen and first 
leaf is just detectable. 
^NS - nonsignificant 
CHAPTER IV 
PHYTOCHROME REVERSAL 
Introduction 
Apical dominance in a number of plant species is affected by far 
red irradiance (18, 26, 48, 49), and far red irradiance generally 
suppresses the extension of axillary buds (26, 48, 49). Five minutes 
of red light at the end of the day, for eighteen days, produced 
branching of tobacco; five minutes of far red light produced no 
branching (26). 
Smith (43) stated that three criteria must be satisfied in order 
to provide "unequivocal proof" that the low energy phytochrome system 
is operating in any plant response. These criteria are demonstrating 
that the response is red/far red reversible, that the absorption 
maxima are at 660nm and 730nm, and that the response occurs at low 
energy (43). 
The red/far red reversal involves the photoequilibrium of phyto¬ 
chrome. A photostationary state is established for phytochrome within 
the plant tissues during the day. The dominate form is Pfr. Transfer 
to the dark results in a displaced equilibrium in the direction of Pr. 
After some time, the phytochrome in the Pfr portion falls below an 
undetermined threshold. It is this drop below a threshold which 
produces a biological response, for example, flowering or the inhibi- 
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tion of branching. Far red light mimics the dark in conversion of 
phytochrome. Five minutes of red light drives phytochrome to the Pfr 
form while five minutes of far red light immediately after the red 
light drives phytochrome to the Pr form (2). This reversal is partly 
lost if a true dark period exists between the red and far red lighting 
and the loss is proportional to the length of the dark period (43). 
The mechanism of far red light inhibition of branching involves 
the hormones ABA and auxin. Far red light induces high auxin synthesis 
in the apex and young leaves (49, 50). The high auxin concentration 
stimulates the formation of ABA in or near axillary buds (49). This 
ABA inhibits the development of buds. 
Our experiment was designed as a preliminary investigation into 
red/far red reversibility of phytochrome in Rhododendron cultivars 
PJM hybrids and Roseum Elegans. Five minutes of red light, five 
minutes of far red light, or five minutes of red light immediately 
followed by five minutes of far red light, as a night break should 
illustrate a reversal in branching if these cultivars operate on a 
low energy phytochrome system that controls branching. 
Materials and Methods. 
Cuttings of Rhododendron ’PJM hybrids’ were obtained from a local 
nursery on July 15, 1982. Cuttings of Rhododendron ’Roseum Elegans’ 
were taken from plants on the University of Massachusetts campus on 
July 13, 1982. All cuttings were wounded on one side, and dipped into 
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0.8% indolebutyric acid (IBA) powder. The cuttings were placed in a 
1:1 (v:v) mix of peat and perlite and rooted under intermittent mist. 
The rooted cuttings were transplanted to 10.2cm square plastic pots on 
September 7, 1982. The medium was an unsterilized 1:1 (v:v) mixture 
of peat and sand, to which minor elements were added. These rooted 
cuttings were stored for eighteen days in a glasshouse under normal 
daylengths, during which period they were fertilized twice with a 
20N-8.7P-16.6K (20-20-20) soluble fertilizer at 200ppm N. 
A total of 52 cuttings each of cultivars PJM hybrids and Roseum 
Elegans was divided into 4 groups of 13 plants of each cultivar. On 
September 28 one group was placed into each of the wavelength treat¬ 
ments as shown in Table 53. 
Night light breaks were at 2200 hours for a three week period and 
daylengths were natural. The MNT was held at 17°C. Supplementary red 
lighting (660nm) was supplied by two GE 34 watt cool white fluorescent 
tubes in fixtures enclosed in Roscolene //823 polyvinyl-acetate filter 
purchased from Rosco Laboratories, Inc. The photosynthetic light flux 
density was measured with a Lambda LI-170 Quantum/Radiometer/Photometer 
-2 -1 
using an LI-190S Quantum Sensor and averaged 5 nE M sec . Far red 
lighting (700nm) was supplied by two 100 watt Sylvania incandescent 
bulbs on 61cm centers placed 45cm above the plant tops. These bulbs 
were enclosed on the four sides with plywood and below with a 4 inch 
square of Westlake Plastics Company FRF 700 filter sheet, which 
eliminates light transmission in wavelengths below 690nm. Photos3nithe- 
-2 
tic light flux density averaged 2.76 uE M sec as measured with an 
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Table 53. Fall 1982 phytochrome reversal trials. 
Treatment Cultivar 
z 
Wavelength 
1 PJM hybrids No light break 
2 PJM hybrids Red^ (5 uE m"^ sec”^ 
3 PJM hybrids Far red^ (2.76 uE m‘^ sec"^ 
4 PJM hybrids Red/Far red^ (5 juE M ^ sec V 
2.76 mE M ^ sec 
5 Roseum Elegans No light break 
6 Roseum Elegans Red (5 ;uE M ^ sec 
7 Roseum Elegans 
-2 -1 
Far red (2.76 nE M sec ) 
8 Roseum Elegans Red/Far red (5 ;uE M ^ sec V 
2.76 yuE M ^ sec 
2 
Quantum Sensor 
y 
5 minute night break 
5 minute night break 
w 
5 minute red night break, immediately followed by 5 minute far red 
night break. 
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LI-190S Quantum Sensor. These light sources were hooked up to a time 
clock such that the red light was activated for five minutes, immediate¬ 
ly followed by the activation of the far red light for five minutes. 
All four treatments were separated by black cloth with the lights 
hung above in such a manner that the red/far red treatment received 
ten full minutes of light break with no delay between irradiances. 
On October 19, three weeks after treatments were begun, all plants 
o 
were stored at 10 C MNT and natural day/night. Data were recorded on 
number and date of appearance of bud swells, that date when the buds 
first noticeably began to swell. Data were recorded on number and 
first appearance of lateral bud breaks, that date when buds began to 
expand and the first leaf was just detectable. The lengths of the 
flushes of growth were also recorded. These data were collected at the 
start of the experiment and twice a week for two weeks, followed by once 
a week for five weeks. Total number of bud swells, total number of 
breaks, length of each shoot, and total growth per plant were recorded 
on November 9 for ’PJM hybrids' and November 23 for 'Roseum Elegans'. 
The significance of the treatments was determined by an analysis of 
variance. On November 2 the MNT of 'PJM hybrids' was lowered to 1 C. 
Rooted cuttings of 'Roseum Elegans' were still in active growth at 
this time and were not placed in the 1°C MNT until November 23, 1982. 
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Results and Discussion 
The growth curves for the four treatments of 'PJM hybrids’ 
(Figure 5) displayed apparently different total growth by November 
9, yet they were statistically nonsignificant (Table 57). Total 
growth is defined as the combined length of all shoots per plant 
averaged for each light break treatment. The plants that received 
five minutes of red irradiance were well into growth (averaging 3.75cm 
per plant) at the start of the experiment and thus were not comparable 
to the remaining three treatments. 
The treatments caused a significant effect on the number of buds 
that swelled from September 28 to November 9, 1982 (Table 54), with 
the red/far red light treatment producing significantly more bud 
swells than the other treatments. The treatment consisting of five 
minutes of red light followed by five minutes of far red light may 
have produced more bud swells due to the longer irradiance period, as 
the far red light did not inhibit lateral bud development. There 
was no indication of red/far red reversibility as described by 
Borthwick, et al. (2). 
Total bud break per plant on ’PJM hybrids’ (Table 55) was not 
significantly affected by the treatments. There was no difference in 
average shoot length per plant (Table 56) due to the treatments. 
The growth curves for ’Roseum Elegans’ (Figure 6) showed that 
the red light treatment produced the least total growth and the 
treatment consisting of no light break produced the most rapid growth. 
ou - gq 
• oas H 31^ 7_W g 
T“ 6 16 
‘qeaaq qqSTU pax a^j sqnuTm g yCq 
paAOXpoj Xx3qBTpaiiraiT ‘qBaaq qq§TU pax aqnuTm g - 033 ■aV3/a33 
oas 
T- 
W 3^ 9Z*3 ‘sxnoq 0033 q^axq xqSxu aqnuxra g - oa^ X[V3 
oas 
T- 
giV g ‘sxnoq 0033 qnaxq qq§xu aqnuxm g - 033 
*3861 ‘6T *^^0 
oq *^das uioxj squaiuqaaxq qaaxq qqSxu Suxxnp 0^Z,I 
qa pxaq jspxxqXq wr3, uoxpuapopoqg xoj saAxna qqwoxS XT^3 g axnSxa 
08 
R
ED
 
81 
HlMOaO 1V101 
D
A
T
E
 
82 
Table 54. Total bud swells^ on Rhododendron 'PJM hybrids' phytochrome 
reversibility trials, through November 9, 1982. 
Wavelength Treatment Means 
No light break 3.846b^ 
Red 3.615b 
Far red 3.615b 
Red/Far red 5.000a 
Source 
Analysis of Variance 
df Mean Square F value 
Treatment 3 5.712 3.121* 
Bud swells include all swells per plant that produced a flush or 
failed to grow. 
^Mean separation in columns by Duncan's multiple range test, 5% level. 
*Signifleant at the 5% level. 
Table 55. Total bud break on Rhododendron 'PJM hybrids' phytochrome 
reversibility trials, through November 9, 1982. 
Wavelength Treatment Means 
No light break 2.154 
Red 2.308 
Far red 2.154 
Red/Far red 2.154 
Source 
Analysis of Variance 
df Mean Square F value 
Treatment 3 0.077 0.074 NS^ 
2 
NS - nonsignificant 
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Table 56. Average length of shoots per plant on Rhododendron ’PJM hybrids’ 
phytochrome reversibility trials, through November 9, 1982. 
Wavelength Treatment Means (cm) 
No light break 2.934 
Red 2.974 
Far red 1.999 
Red/Far red 2.811 
Analysis of Variance 
Source df Mean Square F value 
Treatment 3 2.491 1.852 NS^ 
z 
NS - nonsignificant 
Table 57. Total growth per plant on Rhododendron ’PJM hybrids’ 
phytochrome reversibility trials, through November 9, 1982. 
Wavelength Treatment Means (cm) 
No light break 6.038 
Red 7.577 
Far red 3.800 
Red/Far red 5.500 
Analysis of Variance 
Source df Mean Square F value 
Treatment 3 31.564 2.776 NS^ 
2 
NS - nonsignificant 
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Figure 6. growth curves for Rhododendron ’Roseum Elegans' held at 
17 C MNT during night break treatments from Sept. 28 to 
Oct. 19, 1982. 
-2 -1 
RED - 5 minute night break at 2200 hours, 5 ^lE M sec 
FAR RED - 5 minute night break at 2200 hours, 
2.76 pE M ^ sec ^. 
red/far red - 5 minute red night break at 2200 hours, 
immediately followed by 5 minute far red 
night break, 
5 tiE M ^ sec ^2.76 ;uE M ^ sec 
No LB - no light break. 
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This latter treatment was still in growth at the conclusion of the 
recording period, as the shoots were still elongating. The red/far 
red light treatment produced growth between that produced by the 
far red light and the red light treatments. This indicates that a 
phytochrome reaction may have been involved in the far red light 
reversing the action of the red light. 
'Roseum Elegans' bud swell (Table 58) was not significantly affect¬ 
ed by the light treatments and there were no significant differences in 
bud break (Table 59) due to irradiance. There were no significant 
differences in the average length of the shoots per plant due to the 
four treatments (Table 60). Total growth was not significantly 
affected by the treatments (Table 61). 
Far red light reversed the branching response induced by red light 
in ’Bright Golden Anne’ chrysanthemum (17), tobacco (26), and tomato 
(48, 49, 51). Some photoperiodic responses of ’PJM hybrids’ are 
similar to the responses in herbaceous plants. However, there was no 
indication of a phytochrome system in operation since red/far red 
reversal was not evident in any of the data. Roseum Elegans did 
not show a red/far red reversal, yet there were indications that, 
had the experiment been more controlled or utilized more replications, 
differences would have emerged. The red light (Figure 6) produced 
slow growth and a total growth of only 1.915cra per plant (Table 61). 
Far red light produced more rapid growth (Figure 6) and a total growth 
of 4.046cm per plant (Table 61). Although the difference was not 
statistically significant, the red/far red light treatment produced 
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Table 58. Total bud swells on Rhododendron ’Roseum Elegans’ phyto¬ 
chrome reversibility trials, through November 23, 1982, 
Wavelength Treatment Means 
No light break 3.385 
Red 3.923 
Far red 4.077 
Red/Far red 4.154 
Analysis of Variance 
Source df Mean Square F value 
Treatment 3 1.564 0.309 NS^ 
^Bud swells include all swells per plant that produced a flush or 
failed to grow. 
^NS - nonsignificant 
Table 59. Total bud break on Rhododendron ’Roseum Elegans’ 
reversibility trials, through November 23, 1982. 
' phytochrome 
» 
Wavelength Treatment Means 
No light break 1.538 
Red 0.615 
Far red 1.077 
Red/Far red 1.154 
Analysis of Variance 
Source df Mean Square F value 
Treatment 3 2.205 2.457 
NS^ 
^NS - nonsignificant 
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Table 60. Average length of shoots per plant on Rhododendron 
'Roseum Elegans’ phytochrome reversibility trials, through 
November 23, 1982. 
Wavelength Treatment Means (cm) 
No light break 2.671 
Red 1.723 
Far red 2.804 
Red/Far red 1.741 
Analysis of Variance 
Source Mean Square F value 
Treatment 3 4.419 1.351 NS^ 
2 
NS - nonsignificant 
Table 61. Total growth per plant on Rhododendron ’Roseum Elegans’ 
phytochrome reversibility trials, through November 23, 1982. 
Wavelength Treatment Means (cm) 
No light break 4.754 
Red 1.915 
Far red 4.046 
Red/Far red 2.954 
Analysis of Variance 
Source if Mean Square F value 
Treatment 3 20.160 1.967 NS^ 
2 
NS - nonsignificant 
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growth intermediate to the other two treatments (Figure 6) and a 
total growth of 2.954cm per plant (Table 61). 
Red/far red reversal must be proved in order to determine if a 
response involves the low energy phytochrome system (43). Our data 
do not prove this, but the indications shown by the cultivar 
Roseum Elegans warrant more research on reversal in this cultivar. 
Our ’Roseum Elegans’ cuttings sustained a poor rooting period in the 
bench due to excess moisture and were, as a whole, slow to grow. 
Optimum growing conditions may yield more definative results. 
Determining the absorption maxima of this cultivar, as well as of 
’PJM hybrids’ would be a definate indication of whether further 
research in the phytochrome responses in rhododendrons is justifiable. 
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APPENDIX 
SUGGESTED ADDITIONAL RESEARCH 
The results of this research and observations made during the 
studies have suggested additional tests to further knowledge in 
accelerating growth of nursery crops, specifically rhododendron. 
This research indicated a favorable response of Rhododendron 
'PJM hybrids' to fall red light treatments. It did not yield a 
favorable response of Rhododendron 'Roseum Elegans' to the fall red 
light (Chapter II). It is possible that the duration of the fall 
night break, three hours per night for three weeks, was either 
insufficient or excessive. Additional work needs to be done before 
it can be stated that rhododendron branching does or does not involve 
the phytochrome system (see below). 
This research showed, contrary to previous work, that fall light¬ 
ing of 'PJM hybrids' did not cause a carryover effect in the spring, 
manifested as delayed growth. It did show that fall lighting, both 
red and incandescent light, delayed spring growth of 'Roseum Elegans' 
(Chapter III). Research on the mechanism of the spring delay is 
warranted in order to answer the following questions: Is the delay 
due to the fall lighting, i.e. a phytochrome response? Is the delay 
due to the actual elongation of the shoots themselves, i.e. a growth 
regulator response? To determine whether the delay is due to certain 
growth regulator concentrations an extraction procedure and an organic 
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solvent partitioning procedure can be performed in both the fall and 
spring to remove reasonably pure growth regulators from the shoot 
tissues. A flame ionization detector or a bioassay can be utilized to 
determine the identity of the extracted growth regulators. 
This research sought to provide an indication of the existence of 
the low energy phytochrome system through the test for red/far red 
reversibility on branching and elongation of shoots (Chapter IV). 
’PJM hybrids’ displayed no reversibility of branching or elongation of 
shoots, while 'Roseum Elegans' displayed only an indication of 
reversibility for elongation of shoots. The red/far red reversibility 
is only one of three tests necessary to prove the existence of the low 
energy phytochrome system in a biological response. It is possible 
that more definative results would have been obtained for this first 
test under more controlled conditions or by the use of more replica¬ 
tions. Research is warranted to determine the status of rhododendrons 
in relation to the other two tests for phytochrome. These tests are: 
determining the absorption maxima as 660nm and 730nm, and determining 
that the response occurs at low energy (43) . To determine the absorp¬ 
tion maxima of a response an action spectrum can be drawn. A plot 
can be drawn of the percentage of light absorbed against the wave¬ 
lengths used. For this determination, in vivo spectrophotometry can 
be utilized with etiolated tissues. First the etiolated tissue is 
irradiated with red light, and then with far red light to determine 
the visible absorption spectrum for both irradiances. The third 
test for the low energy phytochrome system is the saturation of the 
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response at low energies. Red energy required for saturation of 
-2 
photoresponses falls mainly in the range of 1-1000 Joules m (43). 
Research is needed on rhododendrons and other nursery crops to 
determine the minimum energy requirement for a photoresponse, whether 
that photoresponse is branching, inhibition of bud break, or some 
response very different from these. 

